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(57)Abstract: 

wZ^su^Tr^! 1 performance by uniformly keeping the humidi * 

a^od^r^ 0 ^ ^ e ! ec 0 tr ° lytiC film 10 is laid alon ^ a ce " ^PPed by an 
oxidized gas passage groove 50. Both the passage grooves 40, 50 are 
nZZ G tn ° f T t epara * ors 6 , 0 ' 70 with ri °s. and the separator 60 has a cooling 
,nto tw CO °L ne ^T 90 3 P ' Urality of P^sage grooves 80 divided 

■nto two groups, the both the groups are constituted so that the space 
between the passage grooves are increased as they get closer to the 
in 1^ S ' tW ° SySt6mS ° f tem P^ature regulating water differed 
-n temperature are earned to both the groups. A temperature gradient is 
caused ,n the cooling plate 90 by this constitution. The passage of the fuel 
gas passage groove 40 is determined in the directio n ex^ndih^nT^ 

redu^H f J T ' Saturated steam quantity can be 

reduced .for fue gas according to its reduction in temperature, whereby 
the relative humidity ,s gradually enhanced toward the outlet side of the 
tuel gas passage groove 40. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the fuel cell characterized by the aforementioned fuel gas path being the composition of having 
appointed passage in the direction which goes to the low-temperature section from the elevated-temperature section of 
the aforementioned front face of the aforementioned cell while having the temperature-gradient generation source 
which is characterized by providing the following, and which generates a temperature gradient in the aforementioned 
surface direction of the aforementioned cell in a fuel cell. The cell which pinches an electrolyte by two electrodes. The 
fuel gas path which is prepared in contact with the front face of one side of the aforementioned cell, and gives fuel gas 
to one electrode of the two aforementioned electrodes. 

[Claim 2] A fuel cell equipped with the oxidization gas passageway which is a fuel cell according to claim 1, and gives 
oxidization gas to the electrode of another side, being further prepared in contact with the front face of the other side of 
the aforementioned cell, and appointing passage in the flow direction of the aforementioned fuel gas path, and the 
direction which counters. 

[Claim 3] The fuel cell which is a fuel cell according to claim 1 or 2, and is equipped with a detection means to detect 
the steam partial pressure of the outlet side of the aforementioned fuel gas path further, and a temperature control 
means to adjust the temperature of the aforementioned cell according to the detection result of this detection means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel cell which made the fuel gas path meet the cell which pinches 

an electrolyte by two electrodes. 

[0002] 

[Description of the Prior Art] For example, as shown in the following formula, in an anode, the reaction for which the 
reaction which makes hydrogen gas a hydrogen ion and an electron generates an electron to oxygen gas, a hydrogen 
ion, and water in a cathode is performed by the solid-state macromolecule type fuel cell which is one of the fuel cells, 
anode-reaction: - H2 ->2H++2e-cathode-reaction: - 2H - ++2e-+(l/2) 02 ->H20 [0003] The hydrogen ion generated 
with the anode will be in a hydration state (H+andxH20), and will move the inside of an electrolyte film to a cathode. 
If it is necessary to carry out the saturation water of the electrolyte film and a water content falls in order to perform 
this reaction continuously, the electric resistance of an electrolyte film will become large, it stops fully functioning as 
an electrolyte, and electrode reaction will be stopped depending on the case. Then, the composition which raises the 
water content of an electrolyte film was taken by generally humidifying the reactant gas (hydrogen gas or oxygen gas) 
supplied to an anode or a cathode. 

[0004] By the way, by such fuel cell, since it was usually made to meet the front face of a cell which consists of an 
electrolyte film, an anode, and a cathode and the path of a cooling medium was prepared, in the entrance side of the 
path of a cooling medium, it was low on the front face of a cell, and the temperature gradient that it was high at an 
outlet side occurred on it. Since there was temperature dependence in the saturated-water vapor pressure of the water 
which an electrolyte film holds in the state of saturation water, the fault that the humidity within the field of a cell 
became uneven depending on the temperature gradient arose. Then, as a fuel cell which cancels this fault, reactant gas 
was flowed from the low portion side of the temperature distribution of the front face of a cell, and the composition 
which appointed the direction of a reactant gas path was proposed so that reactant gas might be discharged from the 
high portion side of the temperature distribution within a field (JP,5 - 1 4445 1 , A). 
[0005] 

[Problem(s) to be Solved by the Invention] However, since water is generated at a cathode side, although the humidity 
within the field of a cell can be kept uniform to be sure in the aforementioned conventional fuel cell, on the other hand 
even if it takes the composition mentioned above to the anode side, humidity within a cell side cannot be kept uniform. 
Because, it is [ that water is only absorbed by electrode reaction and ], and is because there is no operation by 
generation water which was mentioned above, humidity within a cell side could not be kept uniform, but the 
humidification state of an electrolyte film was made to produce imbalance in an anode side. Therefore, in a 
humidification insufficient field, the cell reaction fell, in the field where humidification is good, the cell reaction 
centralized and there was a problem that an output will decline as a result. 

[0006] The fuel cell of this invention was made in view of such a trouble, is keeping the humidity within the field of a 

cell uniform more certainly, and aims at aiming at improvement in a cell performance. 

[0007] 

[Means for Solving the Problem] The composition shown below was taken as the aforementioned The means for 
solving a technical problem that such a purpose should be attained. 

[0008] Namely, the fuel cell of this invention is prepared in contact with the front face of one side of the cell which 
pinches an electrolyte by two electrodes, and the aforementioned cell, and is set to the fuel cell equipped with the fuel 
gas path which gives fuel gas to one electrode of the two aforementioned electrodes. While having the temperature- 
gradient generation source which generates a temperature gradient in the aforementioned surface direction of the 
aforementioned cell, the aforementioned fuel gas path makes it the summary to be the composition of having appointed 
passage in the direction which goes to the low-temperature section from the elevated-temperature section of the 
aforementioned front face of the aforementioned cell. 



[0009.] In such a fuel cell, further, it is prepared in contact with the front face of the other side of the aforementioned 
cell, and appointing passage in the flow direction of the aforementioned fuel gas path, and the direction which counters, 
you may constitute so that it may have the oxidization gas passageway which gives oxidization gas to the electrode of 
another side. Moreover, you may constitute so that it may have a detection means to detect the steam partial pressure of 
the outlet side of the aforementioned fuel gas path, and a temperature control means to adjust the temperature of the 
aforementioned cell according to the detection result of this detection means. 
[0010] 

[Function] Although the relative humidity in the fuel gas which flows a fuel gas path falls gradually as it goes to the 
outlet side of a fuel gas path by consumption of the steam to an electrolyte film, by passing fuel gas like invention 
according to claim 1 in the direction which goes to the low-temperature section from the elevated-temperature section 
of the front face of a cell, it can be **(ed) to the fall of the temperature, can decrease the amount of saturated steams, 
and, thereby, can make relative humidity uniform to the flow direction of fuel gas. Consequently, the fall of the relative 
humidity by consumption of the steam to the above-mentioned electrolyte film is suppressed, and the relative humidity 
in the front face by the side of the fuel electrode of a cell becomes uniform. 

[001 1] Oxidization gas flows in the direction which goes to the elevated-temperature section from the low-temperature 
section of the front face of a cell by considering as the composition which appointed passage in the direction which 
counters an oxidization gas passageway with the flow direction of a fuel gas path like invention according to claim 2. 
For this reason, although the steam partial pressure increases gradually when the oxidization gas which flows an 
oxidization gas passageway absorbs the generation water by the electric reaction, in order that the temperature of a cell 
may also go up according to it, elevation of relative humidity is suppressed. Consequently, the generation water 
generated by the cell reaction is smoothly discharged by oxidization gas, and can suppress the inaction by flooding etc. 
[0012] According to the fuel cell according to claim 3, according to the steam partial pressure of the outlet side of the 
fuel gas path detected by the detection means, the temperature of a cell is adjusted by the temperature control means. 
For this reason, when an electrolyte will be in dryness rapidly by a certain cause and the steam partial pressure of the 
outlet side of a fuel gas path falls, regulation of the temperature of a cell is attained according to the fall of the steam 
partial pressure, and an electrolyte returns to a damp or wet condition. 
[0013] 

[Example] In order to clarify further composition and an operation of this invention explained above, the suitable 
example of this invention is explained below. 

[0014] The ** type view of the cellular structure of the solid-state macromolecule type fuel cell 1 where drawing 1 
applied the 1 st example of this invention, and drawing 2 are the decomposition perspective diagram. As shown in these 
drawings, a fuel cell 1 is equipped with the electrolyte film 10, the anode 20 as a gas diffusion electrode and cathode 30 
which are made into a sandwich structure on both sides of this electrolyte film 10 from both sides, and the separator 60 
and 70 which forms the passage slot 40 on the fuel gas, and the passage slot 50 of oxidization gas (oxygen content gas), 
inserting this sandwich structure from both sides as the cellular structure. In addition, although only one cell which 
consists of the electrolyte films 10, anodes 20, and cathodes 30 was shown in drawing 1 , in practice, the laminating of 
two or more cells is carried out to the order of separator 60, an anode 20, the electrolyte film 10, a cathode 30, and 
separator 70, and a solid-state macromolecule type fuel cell is constituted. 

[0015] Moreover, the cooling plate 90 which forms the passage slot 80 on the cooling water (temperature control 
water) between the separator 70 of one side and the separator 60 of the other side is infixed in detail between the cells 
which carried out the laminating of the fuel cell 1. In addition, although the cooling plate 90 of a piece is surely formed 
between cells in this example, whenever it changes to this and accumulates two or more (for example, 3-8 pieces) cells, 
it is good also as composition which formed the cooling plate 90 of a piece. 

[0016] The electrolyte film 10 is the ion exchange membrane formed by polymeric materials, for example, a fluorine 
system resin, and shows good electric conductivity according to a damp or wet condition. The anode 20 and the 
cathode 30 are formed of the carbon cross woven with the thread which consists of a carbon fiber, and the carbon 
powder which supported the alloy which becomes this carbon cross from the platinum as a catalyst or platinum, and 
other metals is scoured in the crevice between crosses. 

[0017] Separator 60 is formed with gas the non-penetrated carbon which compressed carbon and it presupposed im- 
penetrating. The rib is formed in the one direction and the passage slot 40 of the aforementioned fuel gas is formed in 
separator 60 on this rib and the front face of an anode 20. Moreover, the rib is formed also in the one direction of 
separator 70, and the passage slot 50 of the aforementioned oxidization gas is formed on this rib and the front face of a 
cathode 30. In addition, these fuel gas passage slot 40 and the oxidization gas-passageway slot 50 are mutually parallel. 



[0018] It explains, below that fuel gas and oxidization gas flow. As shown in drawing 2 , the fuel gas Gl supplied from 
the source of fuel gas (not shown) branches in each passage direction of the fuel gas passage slot 40 through the inlet 



manifold (not shown) formed in the outline frame of separator 60, and each passage of the fuel gas passage slot 40 is 
passed in the direction of y among drawing. Then, fuel gas Gl is once collected through an exhaust manifold, and is 
discharged by the equipment exterior. On the other hand, the oxidization gas G2 supplied from the source of 
oxidization gas (not shown) branches in each passage direction of the oxidization gas-passageway slot 50 through the 
inlet manifold (not shown) formed in the outline frame of separator 70, and each passage of the oxidization gas- 
passageway slot 50 is passed in the direction of -y among drawing. Then, oxidization gas G2 is once collected through 
an exhaust manifold, and is discharged by the equipment exterior. 

[0019] The cooling plate 90 is formed of the same material as separator 60. Like separator 60 and 70, the rib is formed 
in the one direction and the passage slot 80 on the temperature control water is formed in a cooling plate 90 on this rib 
and the front face (the field in which the oxidization gas-passageway slot 50 is formed, and field of an opposite side) of 
separator 70. This passage slot 80 consists of two or more passage, and the direction is a direction which intersects 
perpendicularly to the fuel gas passage slot 40 and the oxidization gas-passageway slot 50. The interval of these 
passage is formed so that ends may become large gradually toward a center section more narrowly. Two or more 
passage can be distinguished to two passage 80a and 80b, the temperature control water Wl ( drawing 2 ) of the 1st 
temperature Tl is passed by passage 80a located in a single-sided half, and the temperature control water W2 ( drawing 
2 ) of the 2nd temperature T2 of a low is passed from the 1st temperature Tl by passage 80b located in an other side 
half. The 1st temperature Tl is a value near the optimal operation temperature of a fuel cell 1, for example, is 80 [**]. 
The 2nd temperature T2 is 70 [**]. 

[0020] In the cooling plate 90 of such composition, it becomes temperature almost equal to the highest temperature Tl 
among single-sided edge 90a, i.e., the operation temperature of a fuel cell, it becomes small gradually as it shifts in the 
direction of y in drawing after that, and it becomes the low temperature T2 from the temperature gradient of the 
aforementioned temperature control water Wl and W2, and the difference of the slot interval of the passage slot 80 
most by other side edge 90b. In addition, since below 20 [**] is desirable as for the temperature gradient in a cell in 
order to cause the ununiformity of catalytic-reaction speed, if too much temperature gradient is prepared in a cell with a 
cooling plate 90, in this example, the temperature gradient of the 1st temperature Tl and the 2nd temperature T2 is 
specifically 10 [**] below 20 [**]. 

[0021] In the fuel cell 1 constituted as mentioned above, the temperature gradient which falls to the front face of a cell 
which consists of the electrolyte film 10, an anode 20, and a cathode 30 gradually from temperature Tl to temperature 
<, T2 as shown in the graph of drawing 3 occurs with a cooling plate 90. The outlet is located in the elevated-temperature 
section side whose fuel gas passage slot 40 is temperature Tl at the low-temperature section side the entrance of whose 
is temperature T2. For this reason, in a fuel cell 1, about the fuel gas which flows the fuel gas passage slot 40, it can ** 
to the fall of the temperature, the amount of saturated steams can be decreased, and, thereby, relative humidity can be 
made uniform to the flow direction of fuel gas. Since it can be made uniform as mentioned above, it can suppress the 
fall of the relative humidity by consumption of the steam to the electrolyte film 10, and although the relative humidity 
in the fuel gas which flows a fuel gas path should fall gradually as it goes to the outlet side of a fuel gas path by 
consumption of the steam to the electrolyte film 10, as shown in the two-dot chain line of drawing 3 , it can make 
uniform relative humidity in the front face of an anode 20. Therefore, humidification to the electrolyte film 10 can be 
performed uniformly, consequently the electrochemical reaction in a cell can aim at improvement in a cell performance 
in the stable thing. 

[0022] Moreover, in the aforementioned fuel cell 1, since the oxidization gas in the oxidization gas-passageway slot 50 
is passed in the fuel gas in the fuel gas passage slot 40, and the direction which counters, oxidization gas will flow in 
the direction which goes to the elevated-temperature section from the low-temperature section of the front face of a 
cell. For this reason, although the steam partial pressure increases gradually when the oxidization gas which flows the 
oxidization gas-passageway slot 50 absorbs the generation water by the electric reaction, in order that the temperature 
of a cell may also go up according to it, elevation of relative humidity is suppressed. Consequently, by oxidization gas, 
the generation water generated by the cell reaction can be discharged smoothly, can suppress the inaction by flooding 
etc., and can stabilize the output of a cell. 

[0023] In addition, it may change to this, and although considered as the composition to which a center section makes 
large the interval of the passage slot 80 of a cooling plate 90 using two temperature control water from which 
temperature is different, you may constitute from a fuel cell 1 of the 1st example of the above using the temperature 
control water of 1 so that the passage slot of a cooling plate 90 may be gradually made large toward other side edge 90b 
from single-sided edge 90a. The front face of a cooling plate 90 can be made to be able to generate a temperature 
gradient, as a result a cell front face can be made to generate a temperature gradient like the 1st example by this 
composition. Moreover, although separator 60 and the cooling plate 90 were fixing and using the thing of another 
object, they may be changed to this, and may unify and constitute both from the 1st example of the above. 
[0024] Moreover, although considered as the composition to which a center section makes large the interval of the 



passage slot 80 of a cooling plate 90, when it changes to this and two temperature control water is made into a low 
Uimg (coolmg water) rather than the optimal operation temperature of a fuel cell 1, it can also constitute from a fuel cell 
1 oi the 1st example of the above as follows. Since temperature control water becomes the inclination for temperature 
to fall in a portion wiA the denser interval of the passage slot 80 of a cooling plate 90 from the optimal operation 
temperature, such as 60 [**] and 50 [* ], in the case of low temperature, It is better to have made passage of 1st line 
80a the interval of the passage slot 80 become narrow in drawing^ like passage of 2nd line 80b at the positive direction 
mmo^f 15 ' ? °, f t0 g enerated the temperature gradient shown in the same drawing 3 as the 1st example 
UU25J Next the 2nd example of this invention is explained. This example enables regulation of the temperature of the 
1st supplied to the passage slot 80 of a cooling plate 90, and 2nd temperature control water Wl and W2 after having 
the fuel cell (mam part) 1 of the same composition as the 1st example. In detail, as shown in the outline block diagram 
of drawin g . the 1st circulating- flow way 100 was connected to single-sided passage 80a of the passage slot 80 of a 

?90 9 n 9n P ^ ' w ^ ™ COimeCted t0 ° ther Side P assa S e 80b of me P assa S e sl °* 80, and the radiator 
120,220 and circulating pump 130,230 which were equipped with the fan 1 10,210 in the middle of were formed 

SSiie^tlS ^fl 100 ;? 00 ] A f« P™P 130 > 23 ° - the type which can control a circulating load in 
S f 1 fi , 8113 fr °, m the ° UtSlde> Furth ermore, in *i S example, it is prepared in the manifold of the outlet 

side of the fuel gas passage slot 40, and the humidity sensor 300 which detects the steam partial pressure of the outlet 

Cecu) 4°oT * Sens ° r 300 md drculating pump 130 ' 230 are connected t0 elec * onic contro1 ^ 

[0026] ECU400 is constituted as a logical circuit centering on a microcomputer, in detail Although various data 
processing is performed by CPU410 and CPU410 which perform a predetermined operation etc. according to the 
control program set up beforehand ROM420 in which a required control program, required control data, etc. were 
stored beforehand, RAM430 by which various data required to perform various data processing by CPU410 similarly 

tTn J' ^ mpUt drCUit 440 wMch inpUtS * e ° Ut P Ut si ^ al from a humidi * se ^or 300, It has the 
output circuit ^0 grade which outputs a control signal to a circulating pump 130,230 according to the result of an 
operation in L-i U410. 

[0027] The temperature of the temperature control water which flows a cooling plate 90 is adjusted by causing ECU400 

K^ 8] f N H eXt ' ^ ^^-^i-water ****** processing performed by CPU410 is explained along with the flow 
chart of diavpn&i . This control processmg is repeatedly performed for every predetermined time. CPU410 reads the 
steam partia l pressure P R of the outlet side of the fuel gas passage slot 40 from a humidity sensor 300 first (Step S500) 

£ Ste T Partl , al PreSSUr J PR J ' UdgeS Wh6ther {t 18 a l0W value < Ste P S510 > and » affixation judging 
£™H T T 6 P redeter ? med P ressure P0 0t » *e value set up according to a quantity of gas flow or a 
demand output value), processing which goes up the rotational frequency of the 1st and 2nd circulating pumps 130 230 

Id 9? n r°T d (St ? S520) J" 6 1St and 2nd Circulating P^P 8 130 ' 230 S° U P national ^^11^ 
™t? n f T P ° Slt T e ? tCP S52 °' res P ectivel y> ^ugh operated, respectively at the predetermined 

mnt™ qU ? C1 ! S 112 (Value P08itive in nl md «*) at the ^ of steady operation of a fuel cell 1 

[0029] When judged with the negative judging PR, i.e., steam partial pressure, being more than pressure Po' 
predetermined after execution of Step S520, or at Step S520, processing progresses to Step S530. Step S530 - the 
s^eam partial pressure PR - a pressure P - it judges whether the high predetermined pressure PI was exceeded 0 **** 
Here if an affimia ion j udging is earned out, processing which returns the rotational frequency of the 1st and 2nd 
(^t^Z PS 1 °' 230to ^ rotational frequencies nl andnl at the time of steady operation will be performed 
£™ u-^ P"°? esses t0 a retum " Processing of this routine is once ended. On the other hand at Step 

pressur^ PI ^tl^ ^ ^ PR ' ^ ^ ^ P™ ha ™ g n0t reached ** I™d£^ 
mnfnY Processes to a "return" and processing of this routine is once ended 

PR nf thp S!S aCt fff ? CGnstituted temperature-control-water **************, if the steam ^ 
of the <t Z 9 H , 6 foel ^ Sl0t 40 fallS fr ° m the P^termined pressure P0, the rotational frequency 

of the 1st and 2nd circulating pumps 130,230 will be raised only for the predetermined rotational frequency nO 
lXT/« rotational frequencies nl and n2 at the time of steady operation. For this reason, the Lount of 

a cTol n, XTot? f/T w i * 6 tem P u eratUre ° f ** tem P erato control water which flows the passage slot 80 of 
n C H °f g P ^ ate t 90 WlU fal1 the lst lme *°* the 2nd line, respectively, consequently flows the fuel gas passage slot 40 
and the oxidization gas-passageway slot 50 decreases, and the humidity in gas becomes high. Therefore in this 2nd 

which flows the fuel gas and the oxidization gas-passageway slot 50 which flow the fuel gas passage slot 40 whenThe 

SSTf n PreS T °f ° fthe ^ gaS paSSage Sl0t 40 detected ^ the humidity senL 300 fafls to less 

than [ predetermined value PI ] can be raised, consequently the electrolyte film 10 can be certainly returned to a damp 



or wet condition. Therefore, improvement in a cell performance can be aimed at. 

[003 1] .In addition, when an electric-type heater is arranged all over a circuit, and the steam partial pressure PR 
becomes- large too much, namely, it is humidified by the surplus, it is possible in controlling to operate the electric-type 
heater and to lower relative humidity conversely. Moreover, the electric-type heater is operated in that case at the time 
of starting, and you may make it raise the starting characteristic of a fuel cell. 

[0032] Although both the circulating pumps 130,230 were controlled, the outlet side of fuel gas accepts it pump 230 
and you may make it control by both control of the circulating pump 130,230 mentioned above. Moreover, a humidity 
sensor may be added also to an entrance side and both the circulating pumps 130,230 may be controlled individually 
Furthermore, it is also possible by controlling a fan's 1 10,210 rotational frequency to carry out a temperature control 
[0033] Although the example of this invention was explained above, as for this invention, it is needless to say that it 
can carry out m the mode which becomes various within limits which are not limited to such an example at all and do 
not deviate from the summary of this invention 
[0034] 

[Effect of the Invention] As explained above, let humidification to the electrolyte of a cell be a uniform thing in the fuel 
cell of this invention by passing fuel gas in the direction which goes to the low-temperature section from the elevated- 
temperature section of the front face of a cell. Consequently, the electrochemical reaction in a cell becomes the stable 
thing, and can aim at improvement in a cell performance. 

[0035] Moreover, equalization of the humidification to the electrolyte of a cell also from the electrode side of 
oxidization gas can be attained by making the flow direction of oxidization gas counter the flow direction of fuel gas 
Consequently, the electrochemical reaction in a cell becomes the stable thing, and can aim at improvement in much 
more cell performance. 

[0036] Furthermore, by adjusting the temperature of a cell according to the steam partial pressure of the outlet side of a 
fuel gas path, rapid dryness of the cell in the insufficient situation can be suppressed, and improvement in a cell 
performance can be aimed at further. 



[Translation done.] 



